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SUMMARY

A hollow reflecting cone or pyramid can be used to concentrate infrared
radiation on to a small photo-detector. This note describes calculations which
predict that a five fold increase in flux density should be readily obtainable.
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1 SUMMARY

The RSRE Scanner Optics Ray-tracing frograms have been used to calculate the
transmittance of a truncated pyramid reflector that would increase the apparent
size of an infrared detector if placed immediately over it. The dependence of
flux concentration with pyramid geometry and ray angles is presented graphically
and it is shown that concentration factors greater than five should be easy to
achieve.

2 BACKGROUND

The use of a hollow cone or pyramid with reflecting walls to concentrate
radiation on to a small area detector is well known (ref.1). Figure 1. shows
a parallel bundle of 30 rays incident at an angle of 10 degrees on to a 3:1
truncated pyramid. Only 8 rays are reflected back out of the pyramid and so
the nett ray concentration factor is (22/30) x 3E2.2:1 (rays/unit length).

In the quest for thermoelectrically cooled infrared detectors it has been
determined that a 2 or 3 fold increase in flux density at the detector could
dramatically improve the chances of successful operation (ref.2). An array of
pyramid reflectors could be made to overlay a detector array whose inter-element
spacings were increased to match the desired concentration ratio.

This memo reports how the transmittance of a truncated hollow pyramid was
determined by ray-tracing methods for several pyramid geometries and ray angles.
A simple model was used to describe the ray angle distribution at the focus of
a lens and numerical integrations were carried out to estimate the flux
concentration factors at the chosen truncation ratios, and pyramid side angles
for several lens F-numbers. Graphs are presented (Figs..4,5) which show how
the concentration factor is affected by all these parameters.

3 MEfTHOD

3.1 THE RAY-TRACING

A square pyramid of 1/2 angle e lying along the z-axis with its apex at the
origin is bounded by the four planes

a ± x/tan(9) - 0 and z ± y/tan(O) - 0 . ..................... (1)

If a ray with direction cosines l,m,n passes through a point (a,b,c) then

another point on the ray, a distance, d, from (a,b,c) is at (x,y,z) where

x - a + d*1l y - b + d*m z - c + d*n ................. (2)

Equations (1) and (2) can be combined to give the distances along the ray
from (a,b,c) to the four planes that form the pyramid;

d - -(c*tan(e) ± b)/Gi*tan(e) ± m) ......................... (3)

The KP9825 computer subprogram "PYR" listed in the Appendix was used in the

RSRE Ray-trace Programs (Rf.3) to locate the point of intersection on the
appropriate face of the pyramid. A control flag was set if the intersection
point was closer to the apex than that appropriate to the chosen truncation
ratio. A different control flag was set if the ray direction had a component
in the +z direction, indicating that the ray had failed to pass through the *"
pyramid and was travelling away from the detector.
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3.2 TRANSMITTANCE CALCULATION

p. The procedure ''YR" outlined above can be used to find out if a given ray
is transmitted or reflected by a truncated square reflecting pyramid. A
ray incident on the open base of the pyramid at a given angle can be
scanned in (say) the y-direction to locate the reflection/transmission
boundaries for rays of that angle and x-position. Once these y-values
have been located for several x-positions a numerical integration
procedure will determine what proportion of a parallel ray-bundle filling
the pyramid base will pass through to the detector. This fraction, F, was
calaulated by the program "RT2#6" listed in the appendix for ray angles from
0 to 30 degrees, for pyramid angles from 10 to 25 degrees, and for trunca-
tion ratios from 2:1 to 3.5:1. The results are plotted as F vs. Ray angle
in Fig.2(A-D).

3.3 FORMULAE FOR FLUX DENSITY IMPROVEMENT FACTOR

Let a circular lens aperture be uniformly illuminated. After refraction
through the lens the angle between a ray and the lens axis is roughly
proportional to the ray height at the lens aperture. The number of rays
at a given angle is therefore approximately proportional to the ray angle.
If the maximum ray angle is *o then the following equations can be written.

v Lens F-number - I/(2sin(o o ) )  .............. (4)

Total ray flux on lens - Kd - K*Qo .............. (5)
f05

Ray flux passing through pyramid - KjoF(a)da ............. (6)

Dividing eq(6) by (5) vill determine the pyramid transmittance for a
focussed beam of given numerical aperture (NA - sin(ao)).0O

N 2
ie. T.. (2/o) .F(a)da ........ ......... . ........ (7)

If all radiation incident on the base of a pyramid with (linear) truncation
rati R passes out of the apex end then the flux density would be increased

by R Taking equation (7) into account the nett flux density increase
due to a hollow pyramid concentrator is therefore given by

2 2 O

Flux Density Concentration -(2"R /oo f!F(a)da ...... (8)

4 DISCUSSION OF RESULTS

Equations (7) and (8) have been evaluated by numerical integration and the
results are shown graphically in Fig.3 and Fig.4. In these figures the pyramid
geometry is characterised by prism angle and truncation ratio. An alternative
parameter is the pyramid height, expressed in units of detector size. Different
values of angle and truncation ratio can combine to give the pyramid height (h)
since hm(R-l)/(2*tan(@)). Flux density concentrations factors have been
extracted from fig.4 and re-plotted against truncation ratio for certain F-
numbers and pyramid heights. Figure 5 clearly shows that concentration factors
in excess of 5 should be obtainable with reasonable pyramid geometries.

It is implied in eq.(6) that F(a) depends only on the ray incidence angle and not
on its azimuth (eg. horizontal, vertical, or diagonal). A square pyramid of

3
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course has 4-fold symmetry about its axis and so the integration in eq.(6) is
not strictly accurate. However the variation of F() with azimuth for a given ,.
ray angle is expected to be small, making eq.(6) and the others derived from it,
good approximations.

A ray-tracing model could be established for a particular lens, pyramid, and
detector arrangement to confirm the expected flux density improvements. Such
a computation would launch a large bundle of rays through the lens representing
uniform illumination (in position and direction) anc counting those that pass
into and out of the pyramid concentrator. This was done for an F-1.5 Germanium
doublet lens feeding a 25 micron detector via a 2.5:1 pyramid reflector 100
microns long. The incident ray bundle comprised nearly 50,000 rays (the ray
bundle was intentionally made to spread well beyond the base of the pyramid).
622 of the rays passed into the pyramid, and 93.1% of these reached the detector
plane. This implies a flux density concentration of .931*(2.5)25.8, within
4% of the estimate of 5.6 from fig.5B.
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F(a) vs a FIG 2C
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FIG 5C
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-----------------------------

*A1

0: "RT206":dso "SPErIAL PYRAMID TRACF (15/12/B3)";ato "PRC1CRAM"istp

61: "PYR":cfa 8.9;ina B~for~ Ir1 to 3;for 3-1 lo 3;Rrt1+3J+714Z
62: BEII.Z(A(31-Rtpl,j])4rifi1;DrI+3]*ZAJ+34trT+3i;next 3;next I
63: if 8163)0;sfq Stret
64: tan(Rrp1,221)4Z:ZBt3-.r3;ZIIC8J4r4.sfq 14
65: -Cr3+Ee[1J)/(r4+I4[41)-'r5;if prfd(r5-)<=0:9@994r5
66: -(r3-BCII)/(r4-sr41)4r6;if prnd(r6,-B)(=0'.9e994r6
67: -(r3+I'[2J)/(r4+I4[51)4r7 ' if prnd(r7,-8)(=O~t9e994r7
68: -(r3-14C21 )/(r4-14t51)4r8;if prnd(rB'.-8)(=0 i9e994rS
69: cfq 14-.min(r5.r6,r7.r8)4#r2
70: if r2=9e99;sfq 8;ret
71: for 1=1 to 3 'CIJllr2B[I+31i48[I]-*r(I+6) tnext I
72: if &bs(913])(U/tan(Rl1,22D);sfq 9;ret
73: prnd(I4[31'1[13/Z,-6)4r5
74: prnd(1h31-B[1I/Z.-6)4r6
75: prnd(B[31.141/Z.-6)-#r7
76: prnd(P[31-Br2l/Z,-6)4r8
77: (r5=0)+2(r6=0)+3(r7aO)+4(rS=0)4r0
78: (rG=2)-(r01I)4r7;(rO=4)-(rO=3)4r8
79: -Z4r9 ' 1/r(r7r7+rBr84r9r9)4Z.-Zr74r7:.ZrB-4rB:Zr94fr9
SO: ina C;04r104r114rl2
81: for I'-1 to 3;for 3=1 to 3.R~p1.7+31+3]4#Z
82: C[II*7B[3]4C[l];r(9+1)4Zr(6+J)4r(9-T);next J1
83: C[I1+R(pl,11j4C[jj~next I;ato "REFLECT~tif sbsCN)*9e99.ato "REFRACTS?

156: "PROGRAM":
157: if not flo12;sfa 12;dim Xf0:201,yro:2oi,Fro:?oi
158: mna R..9D4R[1,414+RC1,534R[1.8]:.9e994+R[1.201L-9e994RC14 91 -

159: cll 'SMG'(1) .
160: 324U[13;16.ur2s;4ur3;44ur43;24uC5-I-#LIu61;.54ur7]-.254+ursi%
161: NNEXTSI:740

162: for U1l to 5
163: (W=l)+(3/3.5)(W=2)+(3/2.5)(Wif3)4(3/2)(W=4)+(3/1 .5)(Wr')4U
164: fxd 4;'*prt "RATIO", 3/U~spc
165: for E-10 to 25 by 5%E4R[1,221
166: pr-? "P",E-spc -04O
167: for A-0 to 30 by 2;ina F
168: fxd 6;-Prt "A=" A
169: for P1l to -1 by -2
170: -cos(A)4DC5J:Psin(A)4D[6J:3/tan(R(1.22])4DC2J
171: .1-*H~for G0O to 1O;.3C-*Drti
172: 04B-C*644+F;for D1l to 8%3F/1284DC3J
173: ana D4C;for V=1 to 1000;ara C4A;cll 'RAYTRACF'(1)
174: if flgBF-UEDI4F;ato +3
175: if flq9;F+UED]4F;Qto +2
176. next V
177: next D
178: DK33/6.FCG+114F(G+1J;next G;next P
179: fxd 6;-114N~cl1 'SIMP';Prt l"S=,S-spc
180: A4X(O+14Oh]S4YCOI;next A
181: prt ----------------- NS

182: E4X[0h;3/U4Y[0Ohrcf 0+149,XC*J,Yt*)
183: next E~next W
194: and
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0: "R?'P !j~ RFSULTS WIITH SPLINE FIT (0/01/84)":aTo "Pu
1: DERINT"cfa 31
2: if (1+141))N-1:aOto 43

4: 2((Y[,11-YII/(X!+1-XII)-(YI-Y[-1J)/X)/H4T)4(I:3T4cd[I -oto
5: 04SI14S[NI;S-4T341
6: 04L1:241
7:k(-S[II3-IISE1-11-( .5-14rTlsr!I+Gri])4T

8: if (abs(T)4H)>U;H4U
9: StI),T4S~lI
10: if ION-I -.1+141 :ato -3
11: if U)-E~qto -5
12: 041
13: if (1+141))N-I;qto +2
14: ([+ -CI)(C4 -[J-CI ao-
15: if M0O;qto +13
16: 043
17: if (3+143))M;Qto +11
IS: 141.jf (T[J)4T))-X[I1,oTo +2
19: sfo 3;dsp *ARC OUT OF BOUND';ret
20: if (1+141))N-,ato -1
21: if T>XEII;qto -1

* .. 22: 1-141
% 23 : TIJI-X[II4H;TC.T-xti+114T;HT4X

24: S(11,NC[114S
25: (1/64Z)(StIJ+SlI+l)+S)4U
26: ((Y[1,13-Y[I3)/(X[I,13-X[1I)4W)HYIJ+XU4I
27: W*CH+T)UeZXGEIJ4DFJJ~ato -10
28: 0-414A
29: if (!4141)>N-1;ret

.430: A+( .5(X(I+13-X[I]4H)(Y(I]+YrT+1 J)-(1/24)Ht3(sri]+sri+1 1) )-A;qto -1
31:
32: "P":
33: 214N;dim XEN),YrN],srNJcrN-1J,ur21J,vr2I3
34: 1004#M~dim TIM) REIM] DIM]
35: fmt ;wrt 705,"1P700,800.7100,10400"
36: wrt 705,"VS15"..csi z 1.301.7.1.5
37: 740
38: "NEXT":for Y-1 to 2
39: 1.14Z.SCI 0.30.-Z(2-Y).ZY
40: fxd 0*$xax 0.5.0,30,1,fid 1:yax 0..1,OA1,2,fxd 6
41: for C-1 to 4
42: ldf o+14G,ur*i,vce]
43: if C1;jfxd 1;plt 25, .95.1;lbl OTRUNC=",Vtl];fx1 6
44: for 1-1 to 2O-.Lit!.13#Xfl]:YCI1]4Y[I1:next I
45: csiz 1,1.6,3/2;wrt 705,"SMX";for 1=1 to 16;plt xrI],YrTi.1:next I
46: wrt 705. M SM"
47: for I-0 to 99;301/994TC1+ll;next I
48: 164N;1004M :1e-64E;asb T DERINT'
49: for 11I to 100;,plt*T(I1,!'ru]~next I-.pn

50: next C
51: next Y
52: end

A2



V% IN
0: RT2031 PYRAMID RESULTS WITH SPLINE FIT (ii) C09/01/84)":oto "P" **

1: "DERINT":cfg 30141
2: if (1+141))N-1;Qto +3
3; .5(Xtl]-XCI-1 34X)/(XCI4I 3-XCI-1J4H)4B[XJ
4: 2(( Y[J+13-Y[II)/CXEI+l]-X[I -(Yll]-YrI-1)/X/H4T).Sr3;3T*rJ3;at -2
5: 04S14S(NJ.;8-4fr34W
6: 04U;241
7: w(-stl-BDi2sri-11- .5-IBriisti+1+GrT])4T
9: if (abs(T)4H))tJ-.H-U
9: S[l]+T4SEII

10: if ION-1.141;oto -3
I1: if U)inE;gto -5
12: 041

14: (Stl4IJ-S[ID)/(XC141 1-X[IJ)4G(13 ;oto -1
15: if M0:qgto +13

16: 043
17: if (1+143J))M~ato +11j
19: 14I1;if (T[3)4T))w-X[1;oTo +2
19: sfq 3-;dsp "ARC OUT OF IOUND';,ret
20: if (I+1401))N~qto -1
21: if T)XIII~gto -1
22: 1-141
23: T[J1-Xtl]4H;T(3]-XCI.1 34T;HT-.X
24: S[XI+HG[14S
25: (1/64Z)(SEII+SEI+I]4S)4U
26: ((YtI+1 J-Y(I])/(XtI411-X[IJ )4W)H+YEIJXU413]I
27: W+CH.T)U.ZXG(II-'D[JJ;ato -10
28:- 0414A

29: if (I+14I))N-I*,ret

30: A.(.5(X[I1J-XtI14H)(YtI].Yr[11-1/24)Ht3;Sr]+sr+1]))A.cjto -1I
32: "P":
33: 214N;dim XEN2,YCN],SrN2,GrN-1],Ut21],VC211
34: 1004M;dim T[M),B[MI.DtM]
35: fmt ;wrt 705,*IP700,9D00710O,104O00"

V36: urt 705,"VS15';csiz 1.3.1.7,1.5
37: 740
39: INEXT":for Y1I to 2;154B4

40: fxd 0;xax 0,5,0,30,1;fxd 0;yax 0,1,O,15,5;fxd 6
41: for C-1 to 4
42: ldf 0+149,U[*],V[Ul

43: if C=1;fxd 1;Plt 25,I,1b] "TRUNC=",VE1);fxd 6I
44: for 1=1 to 20;UrI+134X[I)tV[1*1JXtIJ4Y(IJznext
45: csiz 1,1.6,3/2;wrt 705,"SMX";for I=1 to 16;plt XtI3,Y(73,1;next I
46:- wrt 705,*SM"
47: for 1-0 to 99;301/994T[I+11;next I
49: 164N;1004M;1.-64E;qsb "DERINT"
49i for 1-1i to 100;plt TCI3,211111next 11pen
50: next C
51: next Y
52: end4

lei
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0: "RT2*32 PYRAMID RESULTS WITH SPLINr FIT (iii) (09/01/84)':oto *P"
1: "DERINT":cfa 3;141
2: if (141X))N-1;oto +3
3: .5(XII-XCI-l)4x)/(x!i.13-xri-34H)4prTJ

5: 04SC1]4SINLB8-4t34W
6; 04U -2-#1
7: W(-S(il-D[13St1-1J-(.5-14[i3)sri+l].GrTl)4T
8: if (abs(T)4+H))>tH4U
9: SII1+T4S[II

vv 10: if ION-I ;I+141:ato -3
11: if U)inE~gto -5
12: 041
13: if (I+141))N-1;ato +2
14: CS[I13-SCIJ)/(X[1.13-XrI])4G[!) :oto -1
15: if M0O;qto +13
16: 043#
17: if (3+14J))M~gto +11
18: 141:tif (T[334T))=X[11;qto +2
19: sfq'3;dsp "ARG OUT OF BDUND';ret
20: if (I+141))Ngoto -1
21: if T)XCI];qto -1
22: 1-141
23: TIJ]-XrI14HiTr3-XEIIJ4T;HT4X
24: SII3HGII134S

26: ((Y[I41 J-Y[I3)/(XCI.1J-Xt.1)4W)H.Y[I1+XU4'[JI
27: W+(H+T)U+ZXGII4DrJ1;qto -10
28: 04I-.A
29: if CI+141))N-1;ret
30: A+( .5(XcI+13-XI14H)(Yd11+YtI.11)-(1/24)Ht3(riJ+sr+l]))*Aato -1
31:

~* 32: "P":
33: 1004Ndiq XEN] ,YrNI,SrNI .GrN-13 ,11213 ,V1213
34: 1004M..dip T[M] ,B(M].D[MJ
35: felt twrt 7D5,"IP700,BD0,7100,10400"
36: wrt 705,"VS15"-csiz 1.3,1.7.1.5
37: 74Q
38: "NEXT':for Y=1 to 2;14B'
39: 1.14Z.sCl 0,30,-ZIP(2-Y).ZBY
40: csiz 1 .3,1 .7,1 .5
41: fxd 0~xax 0,5,0,3D,1jfxd 1;yax 0,.1,0,1,2;fxd 6
42: for C=1 to 4
43: ldf O+1-'Q,U(*J,VC*3;V(134RtUE1-P
44: if C1I;fxd 1;plt 25,BI,tlbl NTRUNCw'.VC13zfxd 6
45: for 1=1 to 20;tllri.4xri3;vri+11xrii4Y(i3~next I
46: dsp "recalculating 100 Xf*J.Yl*1"
47: for 1-0 to M9307/994TC1113;next I
48: 1004M;164N;1e-64E,-osb "DERINT"

49: rdm X[M1,Y[M3~ara T4X;ara B4Y;dsp
50: rdm UINJ.VIN]
51: 04U(134V[1);14F;for D-2 to 30 by 2;04M;F*14F

*52: for 1=1 to Mt(I-1)D/(M-1)4T[IJ~next I
53: int(3.3D)+14N~1e-64E;qsb ODFRINT"
54: dsp D,2A/Dt24Z,%D4UIFJ:ZZ4V[F3:' next D
55: rdm X[16],Y[163;ara U4X;ara V4Y
56: csiz 1,1.6.3/2;wrt 705,"SMX";for 1-1 to 16;pit XI,Y(110next I

% 57; wrt 705,"SM"
513 fo -'t.931/9TI11nx

59: 164N;1004M;1e-64E;osb "DERINT"
60: for 1-1 to 100;plt TEI1,BmI3next I;pvn
611 next C
62: next Y
63: and

4A



0: "RT2*33 PYRAMID RESULTS WJITH SPLINF FIT (iv) (09/DI/64)M :oto "P"
1: "DERINT":cfo 3-,141

2: if (I,141))N-1:aOto *3

3: .5(X[!3-XrI-134X)/(X11413-XII-124H)4FrfI
4: 2C((YCX,13-YIID)/(Xr!*1i-XCII)-(Y[II-Y[I-13)/X)/H4+T)#S[IIJ;3T4CrI] toto -2
5: 04S[IJ4SENJ:8-4f34W
6: 04Ut241 0

8: if (abs(T)4H))UH4U

9: SIJT4SEI3

10: if ION-1.1+141:oto -3I
*12: 041

13: if (I+141))N-1;ato +-2
14: (S[I*1]-SCII)/(X[I*1]-XEII)4C,[I3;oto -1
15: if M0:qto 413
16: 043
17: if (3+143))M~gto 411
IS: 141 * if (T[J34T))=XC13;oto +2

* 19: sfq 3;dsp "ARG OUT OF IiDUND";r'et
20. if (I+41*))N;gto -1
21: if T)Xrlhato -1
22: 1-141 14HTJX[14;TX

24: SI II+HGI IJ4S
* 25: (1/64Z)(SEII+S[I+l]*S)4U *

26: ((Y[I*13-YCIJ)/(XCI+1 J-XI)4W)H+Y[I],XU*1d3]
27: W+CH+T)U4ZXGCii4Pri;gto -10
28: 9414A
29: if (1+141))N-1:ret
30: A+( .5(Xr!+1J-XcI14H)(YrI]+YrT+11)-(1/24)Ht3urfi.sr1+i1))4A;Qto -1
31:
32: "P"
33: 1004N~dim X[N],YEN],STN],G!N-13,Ur21l,v[21]

*34: 1004#M~dim~ T[ML.B[MJ.D[M]
35: ftqt ,Wr't 705,"1P700,800,7100,1040011
36: wr't 705,"VS15".:csiz 1.3,1.7.1.5

*37: 740
38: "NEXT':for 'v'rn to 2-.104B4
39: 1.14ZtSCl I1,5,-ZII(2-Y),.ZY
40: csiz 1.3,1.7.1.5
41: fxd 0:xax 0,.5.1,5,2;fxd 0;yax 1,1,0,10,2;fxd 6
42: for C=1 to 4:r'dm U[21J,V[211.X[20J.Y[20]
43: ldf 9+149,Ur*],V[*];YC114R;U[134P
44: if C1m;fxd 1;plT 4,9,1;lbl "TRUNC"..V[1h.fxd 6
45: for 1=1 to 20;UrI+114X!I3;vrI4i]XrTJ4YrT];next I
46: dsp "recalculating 100 Xt*],Yt*]"
47: for 1-0 to 99;30T/994TK1+11;next I
48: J004M;I64Nt1e-64E;asb "DERINT"
49: r'dt XCMJ,YEMIara T4Xara B4Y;dsp
50: r'dm U[N3,V(NJ
51: 04UCI24VCI];14F;for D=2 to 30 by 2;04M-,F+14F
52: for Im1 to M;(I-1)D/CN-I)4T[IJtnext I
53: int(3.3D)+14N;1e-64E;qsb "DERINTO"
54: dsp D '.2ARR/Dt2O.;X[N14U[FJ;Z4VrF]:.next D
55: r'df X[16],YC16I;for I- to 13:V[17-134Y[1J;1/?'sin(ur17-7i)4XrlJ~nrxt I
56: csiz 1,1.6.3/2;wrt 705,*SMX";for 1-1 to 13;plt X[I],Y(T3.rI-.nxT I
57: ur't 705,9SM"
58: for 1-0 to 99;I+(X(I3]-I)I/994TtI+11;next I
59: 134N~t1004M;1e-64E;osb "DERINT"
60: for I-1 to 100;plt TCI3,9rIlnext !;pobn
&I.1- next C
62: next Y 1%

*63: and ,

AS -



A.~l-N IN, V. - S-a

0: RT2#34 PYRAMiID RESULTS WITH SPLINF FIT (u) (12/01/84)":oto *P"
1: "DERINT":cfa 301
2: if (I1141))N-1,oto, +3
3: .5(XII]-X(I-1 14X)/(X(I+1I-XrI-1 14H)4FPrII
4: 2(((Y[I1J-YCID)/(XI+1J-X13)-(Y[IJ-YLI-13)/X)/H4T)4S[IJ :3T4G[I3;otoy -2
5j: 04SC114SCN);-4F34W
6: 04U :-41
7: W(-SEI3-DEllSrI-13-(.5-BCII)S(I+l].GEI])4T
8: if (abs(T)4H))UtH4U
9: S[I3T4S[I]
10; if ION-1 ;I+14#I;oto -3
11: if U)-Ezqto -5
12: 04#!

* 13: if (I+14I))N-1%oto +2
14: CSCI+1J-SEII)/(X[I+l)-XIID)4CII ;ato -1
15: if M=0;gto +13

.' 16: 041
17: if (J+14J))t1:qlo +11

18:1-*~if(T[3)-T))X11J-to +2 a-

19: sfa 3;,dsp "ARG OUT OF EOUND";,ret
20: if (I+14I))N~gto -1
21: if T)XEIJ;gto -1
22: 1-1-#1
23: T[J]-X1IJ4H;T[33-XrI+1 ]4T;HT4X
24: S[IJ+HG[IJ-*S

26: CY I +I 3-Y I II(X [ III -X[I II) 4W) H +YI +XU-# t [JJI
27: W*(H+T)U+ZXG[114D[JI;qto -10
28: 0414A
29: if (I+j4I)>N-1;re1
30: A+(.5(X(I+l]-XE1J4H)(Y[I]+Y(I+1J)-(1/24)Ht3(SrI]+Su1+1J))4A;ato -1
31:
32: "P'
33: 100-.N~djp XrN),YrN],SrNJ,GrN-13.u[21],VE2l1
34-. 100-4M~dim TEM3I]13.D1M3

* 35: dim R[4,4.43
36: "NEXT*:for 0=8 to 8+16
37: rdm Ur211,Vc2h1,Xr20),Y(20]

'I 38: icdf OU[*KJl-,V11 ][1#R.U.1 34P
39: for i=1 to 2o;urT+134xC11;YrI41]XEII4YEI];next I
40: dsp "recalculating 100 Xl*],Y(4*]'
41: for 1=0 to 99-,301/994T[I+13;next I
42: 1004#M.164N:1e-64E;osb "DERINT"
43: rdm Xrmi,Y[MJ~ara T4X;ara B4-Y;dsp
44: rdn U[N],VINJ
45: 04U[1]4#VE13;14F~for D=2 to 30 by 2;04MF+14F
46: for I=1 to MN:(I-1)D/(M-1)4T[IJznexT I
47: nt (3. 3D)+14N; 1e-64E ;gsb "DERINT"
48: dsp D *.2ARR/Df24ZtX(N)4UCF ;Z4Y[Flhnext D
49: rdm X(16J,YC163;for 1-1 to 13;VI17-I34YCI];1/2sin(Url7-1)4XTlinpxt I
50: for 1-1 to 4;1+.5(I-1)4T(IItnext I
51: 134N;44P1;1.-64E;Psb "DERINT"
52: for 1-1i to 4;BI[!4R1,2R-3,.2P-1J;nexT I
53: nexnt 9
54: and

A6



0 RT2$36 PYRAM71D RESULT: WITH SPLINF FTT (vi) (27/0l/84)":oto "P"

6: "DUERI"c 34

2: if (abs(4))U:H4Ut +
3: SC(IIT-XII114)([+1Xll4)B
10: if II*SN-1;+14f3ao -

12: 041t4

83: if (I+1(T4))-1:H42 '
14: if[I+N1-S[ID/(X[I+1-(34rlao-
11: if UM=0~to -13
12: 041
17: if (1+141))N-1191 +1

15: 1if (to +3TX[;ao+

20: if (J+14J))N~ato +11

21: i f T)XIIJ;qto -1
22 : 1-1-#I
23: T[J]-X[114H;T!3)-xr[~14 -T;HT4X
24: SI]+HGCII4S
25: (1/64#Z)(SEII.SEI.13+S)4U
26: ((Y[I+1]-Y[i1)/(xri.1 1-XIIJ)4UW)H+Y[IJXU4BEJI
27: WP(H+T')U.ZXG[I14D[J1~gto -10
28: 0414A
29: if (I+14I))N-1~ret
30: A+(.5(X[1+11-XII14H)(YEII*YfI.13)-(1/24)Ht3(r71I+SrT+1]))4#Atoto -1
31: "
32: 1004ON;di, xrNi.YrN1.SrN1,GrN-13,Ut21J,VE211
33: 1004Mtdim TIM] BLMI ' D(M1

*34: din Rr4,44,Qc4,41
35: ldf 35.R[1*1
36: fmt ;wrt 705,*IP700,800,7100,10400"
37: wrt 705.. VS5"t-c six 1.3,1.7..1.5
38: 040
39: "NEXT":for Y1I to 2-,10-B;0+140
40: 1.14Z scl 2 .3.5 , -ZB(2-Y).Z4Y 1
41: cSiz 1.1.1.7,1.5
42: fxd 1;xax 0,.1,.3.5,5;fxd 0-,Vax 2,1,0,10.,;fxd 6
43: for L=2 to 6 by 2
44: pmax(2,2LTan(I0)+1)4r14T(11
45: min(3.5,2Ltan(25).1)4r2'-4T[4]
46: r1+(r2-r1)/34TC21;r14.2(r2-r1)/34TC31
47: for C=I to 4
48: for 1-1 to 4;R[0.I,C14YtIj).5(3,I)4#X];npxt I

-V 49: 44#M-#N;1e-64E,9sb "DERINT"
50: for I=1 to 4;BEI2+OCC,I];next I;next C
51: for C=I to 4
52: for I-1 to 4:0LI,C]4YCI1;5(I.1)4XEI1jnvxt I
53: atn(.5(TICI)/L)4#P4Tt11to

-. ~54: 14M;44N:1w-64E~qsb "DERINT*
55: BE[114011,C] next C.r 14TE I
56: for I-1 to 4;O(I,Ij'4Y(I3;TCIn4xEI;nvxt I
57: csiz .18,1.6,3/2
583: if Ls2;wrt 705,*SM2"
59: if L-4 ':wrt 705,*9M4"
60: if L-6;wrt 705,"SM6"
61: for I-I to 4;plt X[I3,YCII1,I;nex I;wrt 705,"SM'
62: for I-il to 49 trI4(r2-r1)I/494T1I+11.next I %
63: 504M;44N~lg-64Etgsb "DERINT" 1

64: for lot to 50;plt TIIJ,9[X);next I.:pen
65:
661 next Ltnext Ytend b
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